Identifying factors associated with the progression from recreational to pathological drinking in youth holds high clinical and theoretical importance. The present study tested cross-sectional associations of alcohol use disorder (AUD) severity with putative mechanisms of AUD progression among youth ages 15-24 years, namely acute subjective effects of alcohol and craving. Male (n ϭ 44) and female (n ϭ 42) youth completed ecological momentary assessments when not drinking, just before drinking, and while drinking in the natural environment via handheld wireless devices. Youth were recruited from the community and were frequent and heavy drinkers, the majority (93%) with at least 1 AUD symptom (M ϭ 3.4, SD ϭ 2.4). Findings from youths' daily lives suggested that how youth feel while they drink depends, in part, on their severity of AUD pathology. In support of hypotheses, youths with more progressed drinking pathology (i.e., those with more symptoms of AUD) reported greater reductions in craving and tension while drinking, relative to nondrinking times. In partial support of hypotheses, males with greater AUD symptomatology reported marginally attenuated increases in stimulatory states while drinking; however, contrary to hypotheses, females with greater AUD symptomatology reported enhanced increases in stimulation while drinking. This research leveraged ecological momentary assessment methods to study subjective responses to alcohol and craving in youths' daily lives and to cross-sectionally test putative associations with AUD etiology. This work adds to literature supporting subjective responses to alcohol in the pathogenesis of alcoholism, specifically by highlighting their importance during the period in life when alcohol problems typically first emerge.
Alcohol use and misuse, including the onset of alcohol use disorder (AUD), peak during adolescence and early adulthood (Johnston, O'Malley, Miech, Bachman, & Schulenberg, 2015) , and nearly all contemporary perspectives conceptualize alcoholism within a developmental framework (Chassin, Sher, Hussong, & Curran, 2013 ). Yet despite adolescence being a critical period for the pathogenesis of AUD, key aspects of how drinking problems advance during this developmental phase remain poorly understood. In the present study, we characterized two putative mechanisms of AUD progression among adolescents and young adults, namely acute subjective effects of alcohol and craving, and we tested cross-sectional associations between these key constructs and AUD severity. Our major objective was to provide initial data on the extent to which subjective responses to alcohol and craving differ as a function of AUD severity during the period in life when alcohol problems typically first emerge.
Contemporary models of addiction etiology posit that individual differences in sensitivity to the acute subjective effects of alcohol are central to substance misuse (Schuckit et al., 2012; Volkow, Koob, & McLellan, 2016) . All addictive substances, including alcohol, activate reward circuitry in the brain by causing sharp increases in the release of dopamine (Volkow et al., 2016) . This potentiation in dopamine produces a host of pleasant subjective effects, such as stimulation, feelings of well-being, or euphoria, at least in the short term (de Wit & Phillips, 2012) , and the abuse liability of a drug depends, in part, on its ability to alter subjective states or moods (Carter & Griffiths, 2009 ). On the contrary, even low doses of alcohol produce inhibitory effects on the ␥-aminobutyric acid brain systems, resulting in sedating effects including drows-iness, behavioral slowing, and intoxicated feelings (Schuckit, 2009 ). Insensitivity to these sedative and otherwise impairing effects of alcohol as well as increased sensitivity to the stimulating and euphoric effects are both highly implicated in the development of AUD (King, Hasin, O'Connor, McNamara, & Cao, 2016; Morean & Corbin, 2010; Quinn & Fromme, 2011; Schuckit, 2014) .
Human studies of adult drinkers support the role of subjective responses in AUD etiology. Retrospective accounts of early drinking experiences by adults show that a low level of response to the intoxicating effects of alcohol, especially early in life, predicts heavier drinking patterns and related problems (Schuckit, 1980 (Schuckit, , 1984 Schuckit & Smith, 1996 . Human laboratory studies that involve alcohol administration with adults find support for this low level of response model (Schuckit, 2014) as well as a differentiator model that distinguishes between stimulatory and sedative effects at rising and falling blood alcohol levels (BAC; Morean & Corbin, 2010; Newlin & Renton, 2010; Newlin & Thomson, 1990; Quinn & Fromme, 2011) . For example, studies by King and colleagues (King, McNamara, Hasin, & Cao, 2014; King, de Wit, McNamara, & Cao, 2011) found that heavy drinkers who reported greater stimulatory and rewarding effects (liking, wanting more) and lower sedative effects at peak BAC experienced more AUD symptoms up to 6 years later.
Although research supports the idea that particular profiles of subjective responses to alcohol reflect predispositions to alcoholism, mounting preclinical evidence suggests that associations between subjective effects of alcohol and the development of AUD are dynamic. Neurobiological adaptations associated with repeated alcohol exposure attenuate stimulatory reactions to alcohol consumption and intensify stimulatory reactions and craving to alcohol cues (Volkow et al., 2016) . Consequently, AUD has been conceptualized as dynamic processes that involve progressive neurobiological dysregulation in the brain's reward system that drives the transition from using alcohol for its pleasurable and euphoric effects (i.e., positive reinforcement) to drinking to mitigate negative affect and tension that occurs when not intoxicated (Ray, Bujarski, & Roche, 2016) . Empirical evidence for this theory in humans, however, is scant. One study of intravenous alcohol administration found that alcohol-dependent adults reported greater sedation, tension, and craving than nondependent heavy drinkers at the start of the infusion procedure but had lower levels of sedation and craving over the course of alcohol administration (Bujarski & Ray, 2014) . A handful of other laboratory studies directly examine subjective effects of alcohol and craving in adolescents and young adults but do not explicitly test relations with AUD development (Behar et al., 1983; Hendershot et al., 2015; Ramirez & Miranda, 2014) .
The dearth of human studies in this area underscores the need for additional research to advance our understanding of how subjective experiences of alcohol influence drinking and inform etiological models of AUD. Moreover, it is important to characterize the nature of these associations during adolescence-the key period for the transition from recreational to problem drinking. There is strong preclinical evidence that adolescents experience alcohol differently than adults in ways that may explain why youth are disproportionally affected by alcohol misuse. Adolescent rodents are less sensitive to the aversive and impairing effects of alcohol and more sensitive to the social-facilitation and rewarding effects, suggesting this developmental stage is well suited to promote drinking (Schramm-Sapyta, Walker, Caster, Levin, & Kuhn, 2009; Spear, 2011) . Adolescent animals are also less sensitive to the effects of alcohol withdrawal than adults (Crabbe, Bell, & Ehlers, 2010) . Human data are scarce, however, because of ethical and legal restrictions on administering alcohol to adolescents in laboratory settings. We recently used ecological momentary assessment (EMA) methods to assess alcohol-related changes in adolescents' subjective ratings of stimulation and sedation (Miranda et al., 2014) . EMA is an in vivo approach that is well suited to capture discrete, episodic events that are frequent and variable across situations and context, such as subjective responses while drinking (Shiffman, 2009) . Our findings showed dose-dependent increases in sedation and decreases in stimulation as adolescents consumed alcohol in their usual settings. We also compared adolescent responses with a separate sample of adults who had completed a similar protocol and found adolescents reported greater stimulation at lower, but not higher, alcohol doses. It remains unknown whether youths' subjective responses to alcohol are associated with AUD progression.
The major objective of the present study was to leverage EMA methods to characterize subjective responses to alcohol of adolescents and young adults in their daily lives and to observe putative etiological mechanisms of dependence progression. We also examined associations between craving and AUD severity. Separate from research on subjective effects of alcohol is a distinct scientific literature on the role of craving in the etiology of AUD. Craving is considered a prominent motivational determinant of drinking in contemporary theoretical models of addiction, including alcoholism (Drummond, 2001) . Laboratory studies consistently show that alcohol use and alcohol cues evoke craving among adults under controlled conditions, with greater responsiveness among individuals with alcohol dependence (Carter & Tiffany, 1999; Monti et al., 1987) and heavier drinkers (Ihssen, Cox, Wiggett, Fadardi, & Linden, 2011) .
Our knowledge of craving during adolescence is based on only a handful of studies. Initial survey data from community-based youths suggest that craving is common in this age group (Deas, Roberts, Randall, Anton, & Carolina, 2001; Deas, Roberts, & Grindlinger, 2005; Martin, Kaczynski, Maisto, Bukstein, & Moss, 1995) . These early findings were supported by several laboratory studies and one EMA study of alcohol cue reactivity in adolescent drinkers, with results showing stronger effects among youths with heavier drinking histories or more alcohol-related problems (Curtin, Barnett, Colby, Rohsenow, & Monti, 2005; Ramirez & Miranda, 2014; Tapert et al., 2003; Thomas, Drobes, & Deas, 2005) . The present study moves beyond cue-elicited effects by examining subjective responses to drinking and craving in the daily lives of adolescent and young adult drinkers.
Based on theoretical models of addiction and extant findings from animal models, we hypothesized that, among youths who drink frequently, more AUD symptoms would be associated with less stimulatory and sedative effects of alcohol and greater tension reduction and relief of craving following alcohol consumption. In addition, we also examined associations between subjective reports and AUD severity during nondrinking moments to provide a more complete understanding of whether any patterns of associations observed while drinking were also present while youths were not drinking. Specifically, we examined whether AUD severity was associated with greater craving and tension and less stimulaThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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tion when not drinking as well as greater anticipatory increases in stimulation just prior to drinking.
Method

Participants and Procedure
Eligible participants were 14 -24 years of age who reported drinking at least twice weekly in the past 30 days. The drinking criterion was intended to increase the likelihood of capturing alcohol use in the natural environment, and the age criterion capitalized on the peak developmental window for AUD. Youth were recruited from the community (e.g., recreational settings, high schools) to participate in an ongoing randomized, placebocontrolled clinical trial of whether a medication affects alcohol use. Data presented herein were collected during a baseline period occurring prior to randomization to the larger trial. Additional exclusion criteria included current Axis I psychopathology (other than alcohol, cannabis, nicotine, or disruptive behavior disorders), active suicidality or psychotic symptoms, and contraindicated medical conditions or medications. Females were ineligible if they were pregnant or nursing. Those who met provisional eligibility criteria based on a brief telephone screening completed a comprehensive, in-person interview to confirm eligibility. Written informed consent was obtained from 18-to 24-year-olds; assent was obtained from minors, and their parents provided written consent. The Brown University Institutional Review Board approved the study protocol.
Eighty-six youth (42 female, M age ϭ 20.7 years, SD ϭ 2.1) reported subjective responses and alcohol consumption for 7 days in their natural environment. The majority identified their race as White (73.3%), Black (14.0%), Asian (4.7%), or American Indian (3.5%), and 20.9% indicated Hispanic ethnicity. Participants were frequent and heavy drinkers, with percent drinking days in the past month ranging from 10% to 97% (M ϭ 37.6, SD ϭ 20.0), and average number of drinks per drinking day in the past month ranging from 1.3 to 16.1 drinks (M ϭ 4.9, SD ϭ 3.1). Eighty youth (93.0%) met criteria for at least one AUD symptom (M ϭ 3.4 symptoms, SD ϭ 2.4; range ϭ 0 -9).
Participants completed assessments in their usual settings via handheld wireless devices (Omnia; Samsung Electronics, Ridgefield Park, NJ) with software developed for this study. Instructions were in simple English, and participants recorded data by tapping directly on the screen. In an initial training session, participants were oriented to the device and received age-appropriate, detailed instructions for study protocols using a graphic manual. The graphic manual depicted standard drinks by beverage type to help participants discern standard alcoholic drink volumes. During the baseline, prerandomization EMA monitoring period, participants recorded responses at several times each day, and a combination of report types ensured adequate coverage of focal variables. Devicedelivered random prompts (stratified within 3-hr time blocks) and user-initiated reports prior to drinking assessed subjective states and contextual/situational factors. To capture instances during which youth may be drinking but had not self-initiated a report, random prompts also queried whether participants were currently drinking. Device-delivered random prompts timed out after 2 min; however, participants had the option to delay the completion of random prompt assessments up to 20 min. Prompts that were not completed in that time frame were marked as missed. Userinitiated reports while drinking assessed subjective responses to alcohol, volume of alcohol consumed, and elapsed time since the previous report.
On average, participants completed 7 days of data collection during the baseline, prerandomization period (SD ϭ 2 days). Participants were compensated $5 for any interaction with the EMA device on a given study day, regardless of report type. Youth were not instructed to reduce or otherwise alter substance use patterns.
Baseline Assessments
Demographic information, including participant gender (0 ϭ male; 1 ϭ female), age, and racial/ethnic background, was collected at the initial training session.
Kiddie schedule for affective disorders for school-age children. AUD diagnoses were determined by case consensus based on participant responses to the Kiddie Schedule for Affective Disorders for School-Age Children, a clinician-administered interview based on Diagnostic and Statistical Manual (DSM-IV-TR) criteria (Kaufman et al., 1997) . Interviewers received training in diagnostic assessment and achieved high interrater reliability (kappa's Ͼ 0.90).
Use of alcohol, nicotine, and cannabis. A timeline followback interview (Sobell & Sobell, 1992 ) assessed alcohol and cannabis use prior to the EMA period. Responses were used to compute percent drinking days and average number of drinks per drinking day in the past month. Participants also indicated whether or not they smoke nicotine cigarettes.
Ecological Momentary Assessment
Drink reports. Participants were instructed to initiate a begindrink report just before consuming alcohol and an end drink report as soon as they finished each drink. To simplify the instructional set, participants were taught to initiate begin-and end-drink reports immediately prior to and directly after each standard drink; however, assessments were delivered only for the first begin-drink report and first three end-drink reports of an episode to reduce response burden and facilitate compliance. For the first begindrink report, participants rated subjective states and recorded contextual information; they also indicated whether they started drinking, and if so, how many minutes had elapsed since starting to drink their first drink. For all end-drink reports, participants reported how long it took them to finish their drink (elapsed minutes), selected the beverage type (e.g., beer, liquor), recorded the ounces consumed, and rated their subjective states. At begin-and end-drink reports, participants also reported concurrent smoking of nicotine cigarettes and use of marijuana.
Subjective states. A number of affective states and acute subjective responses to alcohol were assessed with sliding rulers with tick marks at discrete points from 0 to 10. Prompts stated "How [adjective] do you feel right now?" with end-point anchors not at all (the 0 end point) and extremely (the 10 end-point). Subjective states included energized, excited, sedated, sluggish, high, tense, and stressed. Stimulation (energized, excited) and sedation (sedated, sluggish) items were based on items from the Biphasic Alcohol Effects Scale (Martin, Earleywine, Musty, Per- This document is copyrighted by the American Psychological Association or one of its allied publishers.
rine, & Swift, 1993). All subjective states were assessed for all report types except for sedated and sluggish, which were assessed only for begin-and end-drink reports. As in our prior work, the average of energized and excited identified stimulatory states (␣ ϭ .78), and the average of sedated and sluggish identified sedative responses (␣ ϭ .72). In addition, the average of tense and stressed identified negative reinforcement from drinking (␣ ϭ .83). Craving/urge. Prompts stated, "How strong is your urge to drink alcohol right now?" Participants indicated responses on sliding rulers similar to those used for subjective states; however, end-point anchors were no urge (0 end point) and strongest ever (10 end point). Craving/urge was assessed for all report types.
Contextual variables. Participants indicated their present company using multiple checkboxes (choose all that apply). Categories of friends (e.g., add examples of categories) were combined to form a presence of peers variable (0, peers not present; 1, peer present). Current location was assessed with forced choices (choose only one). Time of day and weekend (0, weekday; 1, weekend) variables were derived from device timestamps. Contextual variables were assessed for all random prompts and upon initiation of each begin-drink report.
Estimated blood alcohol content (eBAC). Weight and gender as well as time stamps and participant-reported standard drinks from end-drink reports were used to calculate eBAC. Consistent with prior EMA research (Miranda et al., 2014; Treloar, Piasecki, McCarthy, Sher, & Heath, 2015) , we used the formula of Matthews and Miller (Matthews & Miller, 1979) . This eBAC calculation produces estimates that correlate strongly with actual blood alcohol contents (Hustad & Carey, 2005 ).
Analytic Approach
Three-level, mixed models with momentary reports (level 1) nested within study days (level 2) nested within participants (level 3) were estimated in SAS 9.3 PROC MIXED (2012; SAS Institute Inc., Cary, NC) . This analytic approach is robust to unique timing of reports and variable numbers of reports for each youth in the study (Gibbons, Hedeker, & DuToit, 2010; Raudenbush & Bryk, 2002; Singer & Willett, 2003) . Including a level for study day allowed for examination of change in subjective responses within study days. Random intercepts were included to allow levels of subjective states and craving to vary across participants and study days. Random slope terms were excluded because of the lack of significant improvement in model fit and increased model complexity. For all analyses, random-prompt and begin-drink assessments recorded after alcohol use on a given day were excluded to avoid confounding non-and postdrinking subjective states.
1
Initial unconditional means models (without any predictors) identified the relative variability accounted for by participant characteristics (level 3), day-to-day fluctuations (level 2), and momentary contextual influences (level 1). For each outcome, fit statistics (-2LL, AIC, BIC) for two-and three-level models were compared and significance of the random intercept term for the day level was verified to support use of the three-level model. Next, report type was added as a categorical predictor to characterize changes in subjective states and craving/urge, within participants and study days in the natural environment.
2 For stimulation, tension, and craving/urge, the report type predictor examined the change in subjective responses at begin-drink reports and end-drink reports, relative to nondrinking reports. Because sedative and high responses were conceptualized as alcohol effects and thus not measured at nondrinking random prompt reports, the report-type predictor in models predicting these alcohol responses examined the change in subjective responses at end-drink reports, relative to begin-drink reports.
To test whether change in subjective responses varied as a function of AUD severity, main and interactive effects of AUD symptoms were added. Main effects (when all other predictors in the model ϭ 0) represented the effect of AUD severity on subjective states when not drinking (i.e., with either nondrinking reports or begin-drink reports as the reference, depending on the assessment frame of the outcome). Interactive effects evaluated the influence of AUD severity on change in subjective states just before drinking and subjective responses while drinking (relative to nondrinking reports for stimulation, tension, and craving, and relative to begin-drink reports for sedation and high). Interactive effects were probed by calculating the model-based (empirical Bayes) estimates for the conditional regression of subjective responses on AUD symptoms. To test whether AUD effects on subjective states were better accounted for by contextual effects (i.e., time of day, weekend, presence of peers, location) and person-level individual differences (i.e., age, gender, baseline percent drinking days, baseline drinks per drinking day), these variables were included. 
Results
Ecological Momentary Assessment Reports and Compliance
Youth completed a total of 1721 nondrinking random-prompt reports, 218 begin-drink reports, and 333 end-drink reports over the course of the 1-week EMA monitoring period. Random prompt reports made after a drink report on a given day were flagged by the device and excluded from the analysis (n ϭ 76; 4.4%). Drink reports for multiple drinking episodes within a given day were also excluded (n ϭ 16 begin-drink reports and 26 end-drink reports). A number of begin-drink reports were logged after drinking had already been initiated (n ϭ 104; 47.7%); the majority of these were within 10 min of initiating drinking (n ϭ 77; 74.0%). To preserve interpretation of findings for begin-drink reports as subjective states prior to consumption of any alcohol on a given day, begindrink reports occurring after initiation of drinking were excluded; however, the pattern of results was consistent when all begin-drink reports were retained. Overall random prompt compliance was defined by total random prompts completed by all participants 1 The same pattern of results is observed when all begin-drink reports were retained, regardless of whether drinking had already been initiated.
2 Specification of a categorical report type variable (indicating subjective states at nondrinking random prompts, begin-drink reports, and enddrink reports) in the Class statement of SAS PROC MIXED creates a series of dummy-coded variables and avoids imposing a linear structure for change in subjective response states.
3 Although the relative size of effects changed with the addition or removal of covariates, the same pattern of significant results remained when all covariates were excluded. The same pattern of significant results also remained when interactive effects of time-varying covariates with report type were included. This document is copyrighted by the American Psychological Association or one of its allied publishers.
divided by total random prompts completed plus missed random prompts. There were 1,721 completed random prompts and 2,330 combined completed ϩ missed random prompts; thus, overall random prompt compliance was 73.9%.
Baseline Demographics
Descriptive information for baseline participant characteristics by AUD symptoms are shown in Table 1 . Although AUD symptoms were normally distributed and treated as a continuous variable in analyses, participant information organized by common AUD categories is provided for descriptive purposes. The only participant-level characteristic that significantly differed across these categories was baseline grams of cannabis per use day, 2 ϭ 3.40, p ϭ .024, with significant post hoc contrasts only between the mild and moderate AUD categories. The bivariate Pearson correlation between the AUD symptom count variable used in the focal analyses and baseline grams per use day was not significant, r ϭ Ϫ0.04, p ϭ .773, however. Marginally significant differences were shown for baseline average drinks per drinking day, and the bivariate Pearson correlation with AUD count was significant, r ϭ .25, p ϭ .021. Gender differences across AUD categories were also marginally significant; however, the bivariate association between the AUD symptom count variable used in our analyses and gender, as assessed with an independent-samples t test, was not significant. Specifically, there was not a significant gender difference in symptom count for males (M ϭ 3.73, SD ϭ 1.87) and females (M ϭ 3.14, SD ϭ 2.27), t(84) ϭ 1.31, p ϭ .125. The number of youth indicating smoking (nicotine) or use of cannabis did not differ across AUD categories.
Mixed Modeling
Unconditional means models including random intercept terms without any additional predictors were used to estimate the amount of variability in subjective states accounted for by each level of the model. Significant random effects for each level supported the three-level model including random intercepts for participants (level 3) and days (level 2), as well as momentary residuals (level 1). Intraclass correlation coefficients were calculated from the variability at each level, divided by the total variability, and were converted to percentages to further describe the relative variability accounted for by participant, day, and momentary influences. Intraclass correlation coefficients for participant, day, and moment levels were as follows: craving ϭ .29, .19, .51; stimulation ϭ .21, .18, .61; tension ϭ .46, .14, .39; sedation ϭ .47 .13 .40; high ϭ .40, .21, .39. Overall, the majority of variability in stimulation and craving was reflected in the momentary effects, accounting for 61% and 51% of the variance in stimulation and craving subjective states, respectively. In contrast, more of the variability in tension, sedation, and high was attributable to participant-level characteristics, accounting for 46%, 47%, and 40% of the variance, respectively.
Models including only the effect of report type were important to show general trends in subjective states and craving. Overall, craving increased significantly just before drinking, b ϭ 4.05, p Ͻ .001, and while drinking, b ϭ 2.62, p Ͻ .001, relative to nondrinking times. Similarly, stimulation increased significantly before drinking, b ϭ 1.10, p Ͻ .001, and while drinking, b ϭ 1.03, p Ͻ .001, relative to nondrinking times. In contrast, tension did not significantly change just before drinking, relative to nondrinking times, p ϭ .925, but did significantly decrease while drinking, This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
b ϭ Ϫ0.68, p Ͻ .001. Because sedation and high were not assessed at nondrinking times, end-drink reports could be compared only with begin-drink reports. Relative to just before drinking, sedation significantly increased, b ϭ 0.50, p ϭ .011; however, subjective ratings of high did not significantly change while drinking, p ϭ .187. Models including the interactive effect of AUD symptom count with report type tested whether the aforementioned general trends were altered based on youths' level of AUD severity. Results from models predicting craving, stimulation, and tension are shown in Table 2 and illustrated in Figure 1 . Age, gender, percent drinking days, and drinks per drinking day were included to test whether other person-level variables accounted for model results. Nonsignificant main effects of AUD symptom count suggested that AUD severity was not associated with craving, stimulation, or tension at nondrinking times.
Craving. The significant negative interactive effect for AUD ϫ End-drink/s showed that increases in craving while drinking were attenuated for youth with more symptoms of AUD. Specifically, each additional symptom of AUD was associated with a one fifth of a point attenuation in craving while drinking, relative to nondrinking times, b ϭ Ϫ0.19, p ϭ .003, even after Note. b ϭ unstandardized parameter estimate; CI ϭ confidence interval; 2 ϭ random variance estimate; BAC ϭ blood alcohol content; AUD ϭ Alcohol Use Disorder. Begin-drink reports occurring after initiation of drinking were excluded, and including these reports did not alter the pattern of results. Person and contextual covariates are included to account for variability in subjective states attributable to sources other than AUD severity. Inclusion of interactive effects with report type did not alter the pattern of significant focal results for AUD symptoms. a Because of the coding scheme for the categorical report-type variable, the intercept (when all predictors in the model ϭ 0) is the level of subjective states at nondrinking random prompts for Craving, Stimulation, and Tension outcomes. Thus, begin-drink and end-drink effects are relative to nondrinking random prompts.
b This is the effect of AUD symptoms on the intercept, and thus the effect of AUD symptoms on subjective states at nondrinking random prompts for Craving, Stimulation, and Tension outcomes.
† p Ͻ .10. ‫ء‬ p Ͻ .05. ‫ءء‬ p Ͻ .01. ‫ءء‬ p Ͻ .001. This document is copyrighted by the American Psychological Association or one of its allied publishers.
accounting for average drinking levels, age, gender, presence of peers, location, time of day, and eBAC. This finding supported our hypothesis that youth with more AUD symptoms would experience greater relief of craving following alcohol consumption. The nonsignificant interactive effect for AUD ϫ Begin-drink showed that increases in craving just before drinking were not related to AUD severity, p ϭ .717. Stimulation. The significant positive interactive effect for AUD ϫ End-drink/s showed that increases in stimulation while drinking were enhanced for youth with more symptoms of AUD. Specifically, each additional symptom of AUD was associated with nearly one fifth of a point increase in stimulation while drinking, relative to nondrinking times, b ϭ 0.17, p ϭ .003, even after accounting for average drinking levels, age, gender, presence of peers, location, time of day, and eBAC. This finding opposed our hypothesis that youth with more AUD symptoms would experience reduced stimulation from alcohol consumption, suggesting instead that AUD severity is associated with greater stimulation while drinking. The nonsignificant interactive effect for AUD ϫ Begin-drink suggested that increases in stimulation just before drinking were not related to AUD severity, p ϭ .146.
Tension. The marginally significant negative interactive effect for AUD ϫ End-drink/s showed that decreases in tension while drinking trended toward being enhanced for youth with more symptoms of AUD. Specifically, each additional symptom of AUD was associated with an additional one tenth of a point decrease in tension while drinking, relative to nondrinking times, b ϭ Ϫ0.11, p ϭ .052, even after accounting for average drinking levels, age, gender, presence of peers, location, time of day, and eBAC. This finding partially supported our hypothesis that youth with more AUD symptoms would experience greater relief of tension from alcohol consumption; however, the substantive meaning of this effect was perhaps too small to be of clinical significance. The nonsignificant interactive effect for AUD ϫ Begin-drink showed that the lack of change in tension just before drinking, relative to nondrinking times, was not altered by AUD severity, p ϭ .286.
Sedation and high. Findings for sedation and high were not significant and are not tabled. Thus, our hypothesis that youth with more AUD symptoms would report less sedative effects of alcohol was not supported.
Exploratory Analyses
Participant-level interactive effects of baseline drinking levels and gender. Although baseline drinks per drinking day and gender covariates did not account for these results, potential associations of these variables with AUD severity supported additional analyses testing whether the interactive effect of AUD symptom count with report type varied by gender or baseline drinking levels. Two significant three-way interactive effects were found. For the stimulation outcome, there was a significant Gender ϫ AUD Count ϫ Report Type interaction, suggesting gender differences in the relation of AUD severity and stimulation for end-drink reports, b ϭ 0.49, 95% confidence interval (CI; 0.25, 0.73), p Ͻ .001. Follow-up mixed models run separately for females and males suggested that AUD-related enhancements in stimulation for end-drink reports were only found in female participants, b ϭ 0.32, 95% CI (0.19, 0.45), p Ͻ .001. In contrast, male youth with more AUD symptoms reported marginally decreased stimulatory responses at end-drink reports, b ϭ Ϫ0.08, 95% CI (Ϫ0.38, 0.03), p ϭ .088, consistent with our original hypotheses. For the craving outcome, there was a significant baseline drinks per Drinking Day ϫ AUD Count ϫ Report Type interaction suggesting that youth who drink more heavily and with more AUD symptoms Figure 1 . Model-based (empirical Bayes) estimates representing the conditional change in subjective states across report types as a function of Alcohol Use Disorder (AUD) symptom count are shown. Response ranges for stimulation, craving, and tension were 1 to 10. Solid gray lines reflect no AUD diagnosis (0 to 1 symptoms), solid black lines indicate mild AUD (2 to 3 symptoms), dotted lines reflect moderate AUD (4 to 5 symptoms), and dashed lines reflect severe AUD (6ϩ symptoms). AUD symptom counts ranged from 0 to 9 in this sample (M ϭ 3.4; SD ϭ 2.2). This document is copyrighted by the American Psychological Association or one of its allied publishers.
reported the greatest attenuation of craving while drinking, b ϭ Ϫ0.07, 95% CI (Ϫ0.12, Ϫ0.02), p ϭ .009. Momentary interactive effects of concurrent smoking (nicotine) and cannabis use. There were 13 begin-drink reports (13.3%) and 42 end-drink reports (13.7%) in which concurrent smoking (nicotine) was indicated. There were three begin-drink reports (3.1%) and 27 end-drink reports (8.8%) in which concurrent cannabis use was indicated. Of these, two begin-drink reports and eight end-drink reports indicated combined use of both nicotine and cannabis. To test whether concurrent use of nicotine or cannabis influenced subjective response findings, we identified days as smoking ϭ 1 or nonsmoking ϭ 1 and cannabis use ϭ 1 or noncannabis use ϭ 0. These binary variables were included as covariates and evaluated as interactive effects with report type and AUD symptom count. For the craving outcome, a three-way interactive effect of Cigarette (nicotine) Use ϫ AUD Count ϫ Report Type was significant, p ϭ .010. This was probed by testing models separately for smoking and nonsmoking days. On nonsmoking days, youth with greater AUD symptoms reported lower levels of craving at end-drink reports relative to nondrinking reports, b ϭ -0.13, SE ϭ 0.06, p ϭ .038, similar to our original findings. On smoking days, this effect was more pronounced, b ϭ -2.33, SE ϭ 0.26, p Ͻ .001, and craving was also reduced prior to drinking at begin-drink reports relative to nondrinking reports for youth with more greater AUD symptoms, b ϭ -1.93, SE ϭ 0.54, p Ͻ .001. Interactive effects of cannabis use for the craving outcome were not significant, and no other interactive effects were significant for stimulation, tension, high, or sedation for either smoking or cannabis use.
Discussion
This cross-sectional study indicated that how youth feel while they drink in their natural environment depends on the severity of their AUD pathology. Our findings add to the body of literature supporting subjective responses to alcohol in the pathogenesis of alcoholism, specifically by highlighting their importance during adolescence, the peak period for AUD development. In support of hypotheses, youths with more progressed drinking pathology (i.e., those with more symptoms of AUD) reported greater reductions in craving from drinking, relative to nondrinking times, with effects more pronounced for the heaviest drinking youth. In partial support of hypotheses, male youth with more AUD symptoms reported marginally attenuated increases in stimulatory states while drinking, relative to youth with less symptomatology; however, contrary to hypotheses, female youth with more AUD symptoms reported enhanced increases in stimulation while drinking, relative to youth with less symptomatology. Results also partially supported the hypothesis that drinking results in greater tension reduction for those with more advanced AUD pathology, although the effect was quite small.
Researchers have posited myriad possible explanations for the heightened vulnerability for alcohol misuse among youth, with emphasis on the considerable biological, cognitive, and psychosocial changes that mark this developmental period. On the whole, there is ample evidence that liability factors for AUD are age specific and that the cascading processes associated with alcohol misuse are multifaceted and complex. This study advances the scientific literature in several important ways. First, although most individuals with AUD transition to pathological drinking in their late teens and early 20s, core concepts of AUD development, namely craving and subjective affective responses to alcohol, are rarely directly studied in humans during this period. Few studies to date have examined subjective states and craving as they relate to drinking among human adolescents (Behar et al., 1983; Hendershot et al., 2015) , and only one prior study from our group examined these in youths' daily lives (Miranda et al., 2014) . Furthermore, despite the theoretical importance, associations of AUD development with subjective responses and craving among youth had not previously been explicitly tested. The present ecological research builds on prior work by leveraging youths' drinking behavior in the natural environment to examine subjective responses to alcohol in the daily lives of youth. Our work provides the first direct human evidence, albeit cross-sectional, to support a key tenet of contemporary etiological models of addiction, that is, acute effects of alcohol are related to addiction progression.
The phenotypic expression of diminished sedative responses to alcohol associated with AUD is well documented (Schuckit & Smith, 2011) , but whether these differences typify youth at risk of AUD or vary across stages of AUD development remains unknown. Contrary to our hypothesis, we did not find support for an association of AUD symptom development and acute sedative effects of alcohol or subjective high. Thus, although the use of EMA offered the advantage of testing a component of low level of response directly during adolescence, when it matters most, without relying on retrospective reports from older drinkers or inferring human adolescents' subjective states from preclinical analogues, findings were inconclusive. One key limitation is that these states were considered acute alcohol effects, and as such, these were measured only at begin-and end-drink reports and not at other nondrinking times. It is possible that a comparison of sedative effects and subjective high at end-drink reports, relative to other times rather than relative to just before drinking, would have yielded different results.
Although alcohol's stimulant effects reflect a well-studied counterpart to its sedative effects, the nature and role of stimulatory responses in AUD development is poorly understood. From a purely behavioral learning perspective, greater euphoric or stimulating effects of alcohol should promote continued use; however, a progressive model of addiction neurobiology posits that stimulatory responses to alcohol are heightened in the early stages of addiction and decrease with repeated alcohol exposure, thus reflecting the advancing stages of brain reorganization in response to repeated drinking (Volkow et al., 2016) . Our hypotheses were made in line with the latter, but gender differences in findings added further complexity and supported the former for female youth. Female youth with more symptoms of AUD reported greater stimulatory effects of drinking. Thus, results for females reflected alcohol sensitivity indicative of early stages of addiction, akin to results of King and colleagues' (King, de Wit, McNamara, & Cao, 2011; King, Hasin, O'Connor, McNamara, & Cao, 2016; King, McNamara, Hasin, & Cao, 2014) laboratory studies in adult men and women who drink heavily (gender differences in stimulatory responses were not examined these prior studies). These findings lend support to a relatively straightforward theory for how acute effects of alcohol relate to drinking-youth who experience more pleasant, stimulatory effects are more likely to drink repeatedly and at levels that make them susceptible to developing probThis document is copyrighted by the American Psychological Association or one of its allied publishers.
lems (Ray et al., 2016) . In contrast, findings for male youth reflected sensitivity indicative of the latter stages of addiction. Male youth with more symptoms of AUD reported marginally decreased stimulatory effects of drinking. Gender differences highlight the need for studies explicitly designed to test potential disparities in hypothesized effects and the importance of testing gender differences in post hoc analyses in studies with the sample size to support such tests. In addition to adding to research on subjective responses, this study also advances our understanding of craving among youth and its association with AUD severity. On the whole, our findings showed that youths reported higher levels of craving just prior to and immediately following alcohol use, as compared with nondrinking moments. Heightened craving levels while drinking were moderated, however, by level of AUD pathology, such that youth with more AUD symptoms reported greater attenuation of craving while drinking. Put in the vernacular, these results may show that drinking scratched the itch more for youth with more progressed AUD pathology and particularly those youth who drink the most heavily. Existing research is generally consistent with this result, but the lack of association of AUD severity and craving levels in nondrinking moments contrasts with related studies in this area. A recent study examined whether alcohol cues evoke craving among adolescent drinkers in the laboratory and in the natural environment, and tested the clinical relevance of craving during this developmental period by examining the prospective association between craving and alcohol use (Ramirez & Miranda, 2014) . Laboratory results replicated previous findings that adolescent drinkers experience increases in craving when exposed to alcohol cues (Curtin et al., 2005; Thomas et al., 2005) , with a large magnitude effect size (d ϭ 0.86). A central finding of this study was that severity of alcohol-related problems moderated the effects of alcohol cues on craving in the natural environment. Specifically, alcohol cues were robust predictors of craving among adolescents with more severe pathological drinking habits but had negligible effects on cue-elicited craving among youths with few alcohol problems. Our findings extend prior work by characterizing craving among youth during drinking as well as nondrinking moments.
Our results must be considered in the context of important limitations of this work. First and foremost, the cross-sectional nature of this study precludes definitive inferences regarding directionality or causality of these findings. Only a longitudinal study following youths over time can truly test the causal pathways posited to underlie the developmental unfolding of alcohol addiction. Short of that, our work provides a cross-sectional evaluation of differences in subjective alcohol responses and craving posited to mark the progression of AUD. Although the present research takes us an important step closer to understanding the period of peak risk for the still-developing brain in humans-adolescence and young adulthood-conclusions remain limited to crosssectional associations, and causal processes should not be inferred. Our cross-sectional findings raise the question of whether AUDrelated differences in subjective states and craving while drinking are a function of the pathogenesis of addiction-in which addicted youth become hypersensitive to reinforcement with repeated drinking-or whether these differences preexisted and possibly conferred liability for AUD. These and other alternative explanations for the current findings should be addressed in future prospective longitudinal research.
In addition, our EMA protocol characterized male and female youths' subjective responses to alcohol at the low range of eBAC levels. It is possible that associations between AUD symptom severity and subjective response profiles are different at higher levels of intoxication. Additionally, our EMA approach focused exclusively on the ascending limb of the blood alcohol curve. As such, we were unable to examine associations between AUD severity and the full spectrum of biphasic alcohol effects. Other considerations include the fact that participants were heavy drinkers recruited for a larger clinical trial testing the combined effects of pharmacotherapy and a behavioral intervention on alcohol use. In addition, the majority of our sample met diagnostic criteria for AUD and all participants reported some clinically significant alcohol-related problems. Consequently, our findings may not generalize to lighter drinkers or individuals not looking to reduce their alcohol use. Likewise, we studied adolescents and young adults. Whether these results generalize to older drinkers is unknown and warrants future research.
A final consideration is the limited ability of an EMA protocol to definitively control external factors in the natural environment, such as differential exposure to alcohol cues and other contextual factors that may be associated with alcohol craving. Whereas controlled laboratory research can systematically account for potential confounding influences, this in vivo study in participants' daily lives is subject to a host of external influences that are important areas of research in and of themselves and may or may not be accounted for (e.g., type of bar setting, number and gender composition of present company). Although we included covariates to explain variance in subjective states because of location, time of day, weekend, and presence of peers, other possible influences were not assessed. For example, other than distinguishing between locations such as bar and home, our assessment of location did not provide sufficient information to ascertain the degree to which extraneous alcohol cues were present while youths were drinking. Consequently, we are unable to rule out the possibility that specific alcohol cues altered subjective responses, and the inclusion of such variables in future research would help bridge findings from the human laboratory to participants' daily lives in their natural environments. In addition, it is possible that participants' expectations about alcohol effects may also have influenced their subjective states and craving, especially while drinking. Research shows that alcohol outcome expectancies may be a mechanism by which other more distal factors (e.g., family history, AUD) influence immediate experiences (Treloar, Pedersen, & McCarthy, 2016) . While the present study hypothesized crosssectional associations between AUD severity and subjective responses to alcohol and craving, consideration of expectancies and other social-cognitive variables in future research would provide a more complete and comprehensive understanding of the factors that interact with craving and acute alcohol effects.
In conclusion, this work further highlights the utility of EMA methods for testing alcohol effects in underage drinkers and for testing alcohol use in real time, in real-world settings. Indeed, researchers have applied EMA to study subjective responses to alcohol, nicotine, and caffeine among adults (Buckner, Zvolensky, & Ecker, 2013; Piasecki et al., 2011; Piasecki, McCarthy, Fiore, & Baker, 2008; Serre et al., 2012; Treloar, Piasecki, McCarthy, & Baker, 2014) and to a lesser extent among adolescents (Gwaltney, Bartolomei, Colby, & Kahler, 2008; Miranda et al., 2014) . IdenThis document is copyrighted by the American Psychological Association or one of its allied publishers.
tifying factors associated with the progression from recreational to pathological drinking in youth holds high clinical and theoretical importance. This study leveraged EMA methods with adolescents and young adults to study subjective responses to alcohol in youths' daily lives and to observe putative etiological mechanisms of AUD progression.
